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ABSTRACT
Research on air pollution has gained particular momentum over the past 
decade. The presence of volatile hydrocarbons, and aldehydes in indoor environments 
has raised concern about the safety and well-being of personnel exposed to 
environments containing these pollutants. Because of potential sources of 
hydrocarbons and formaldehyde, the anatomy lab in the Biology building and the 
working areas of the Reprographics building on the UNLV campus were singled out 
for study. Air samples were collected from the Reprographics building for 
hydrocarbon analysis. A charcoal sorbent tube attached to a commercially available 
sampler was used for sample collection. Analyses were performed with GC and GC- 
MS. Data are presented showing the concentration of various hydrocarbons. To 
determine the concentration of formaldehyde in the Reprographics building and the 
anatomy lab in the Biology budding, air samples were collected in 2,4- 
dinitrophenylhydrazine (2,4- DNPH) solution (using an impinger) and the 
concentration of formaldehyde, as the addition product with 2,4-DNPH, was 
determined by HPLC with UV-VTS detection.
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CHAPTER 1
INTRODUCTION
This project concerns indoor air pollution at die certain facilities ofthe 
UNLV campus. Indoor air can he polluted by COj, odors, and microbes, 
combustion of gas range, oven, wood stoves, fire places, household chemicals - 
aerosol spray, paints. Pollution can also be generated from cigarette smoke and soil 
under and around the buildings.
Air pollutants are classified as volatile organic compounds (VOC), inorganic 
gases, heavy metals, particulates, and microorganisms. O f particular concern on the 
UNLV campus were hydrocarbons and formalaldehydes. Hydrocarbons are released 
naturally into the atmosphere by microbes and green plants, while other sources of 
hydrocarbons include automobile exhaust, sources like refineries, textile industries, 
food processing, plastics industries, etc. These hydrocarbons react with the HO 
radical in the atmosphere produce formaldehyde ( 1,2). Hydrocarbon and aldehydes, 
especially formaldehyde, are introduced into indoor air via infiltration o f outdoor air 
and from a variety of sources within the indoor environment itself
Indoor sources for volatile hydrocarbons and formaldehyde can be building 
materials. Combustion byproducts from appliances, tobacco smoke, and a large 
variety of consumer products comprise a few other examples of sources. Combustion 
leads toboth direct and the indirect accumulation of aldehydes in the atmosphere of
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metropolitan areas. Aldehydes are present at least in trace amounts in automobile 
exhaust gases.(62)
1.1 Hydrocarbon Reactivity
Hydrocarbons react with HO radical present in the atmosphere ( 1). The HO 
radical is formed through a variety of reactions, (hie important reaction sequence is 
initiated by the photodissociation o f ozone, O3, at the short wavelengths present in 
sunlight These HO radicals formed within the atmosphere react, by H-atom 
abstraction, with the aHcane molecules present in the air (2*6). Alkenes, the most 
reactive class o f hydrocarbons, also react with HO radical and ozone to produce 
aldehyde.
1.2 Formaldehyde Reactivity
Formaldehyde vapor is relatively stable regarding thermal decomposition. At 
temperatures above 400° C, it decomposes to form carbon monoxide, hydrogen, and 
methanoL
2HCHO -> CH3OH + CO (Eq. 1-1)
HCHO-* CO + H2 (Eq. 1-2)
Reaction 1-1 is catalyzed by metal surfaces and must occur heterogeneously 
(7,8). Reaction 1-2 may occur by direct decomposition into two stable molecules. 
The carbon-hydrogen bonds in the formaldehyde molecule are relatively weak, and the 
rate constants for the hydrogen-atom abstraction reaction by free radicals are large. 
For example, the HO radical's attack on formaldehyde,
HO + HCHO -> H20  + HC0 (Eq. 1-3)
has a rate constant that is near the diffusion limit and is independent o f the 
temperature. (9)
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Formaldehyde vapor at pressure above about O.S Torr show a tendency to 
polymerize at room temperature. (10) The equilibrium vapor pressure o f monomeric 
HCHO is much higher than polymeric HCHO at high tenq>eratures, and monomer 
pressures of several hundred Torr can be maintained readily for several hours without 
substantial polymerization if the containing vessel is heated to 100°C or higher.
In the aqueous phase, formaldehyde is oxidized readily even by miM oxidizing 
agent such as AgNC>3, and this property has been exploited in the development of 
several wet-chemical analytical methods for formaldehyde.
Cannizzaro Reaction: In this reaction one formaldehyde molecule is oxidized with 
the reduction of another molecule. (11) This reaction can occur when formaldehyde 
is heated with acids at 40 - 60°C:
2HCHO(aq) + H20 C H 3OH + HCOjH (Eq. 1-4)
Oxidation and Reduction Reactions: During oxidation under controlled conditions in 
the gaseous or dissolved state, ( 12) formaldehyde may be converted in part to formic 
add, or under more highly oxidative conditions to carbon monoxide (with some 
carbon dioxide), and water. The photooxidation of formaldehyde in the gas phase, 
leads to carbon monoxide, hydrogen, hydrogen peroxide, formic add and to some 
other metastable products. Perfomric add is produced under special conditions 
through the oxidation of formaldehyde solutions at low temperatures.
1.3 Health Effects of Formaldehyde and Hydrocarbons
Irritation ofthe eyes, respiratory tract, headache, tiredness, and thirst can result 
from exposure of human population to formaldehyde vapors. Reduced ventilation
4
rate, for the energy-conservation purpose, has caused increased indoor formaldehyde 
concentrations. Asthma is aggravated by the irritating properties of formaldehyde. 
Aqueous formaldehyde solutions damage the eye and irritate the skin on direct 
contact Adverse health effects due to formaldehyde may occur after expoaire by 
inhalation, ingestion, or skin contact. Interpretation of the health effects of 
formaldehyde must consider not only the concentration, but also the duration of 
exposure o f subjects. (13)
Indoor air can be polluted from volatile hydrocarbons Hke benzene, toluene, 
hexane, heptane and other derivatives of benzene and from formaldehyde. Benzene 
is a normal component o f unleaded gasoline, it is a highly flammable liquid with a 
low boiBng point and high vapor pressure. (14) Benzene is a cyclic aromatic 
hydrocarbon with a ring containing six carbon atoms. It has the shape of hexagon with 
hydrogen atom attached to each carbon. Like other liquid aromatic hydrocarbons, 
benzene is highly refractive, nonpolar, and posses with low viscosity and low suffice 
tension. It has a sweet pleasant odor. Long term exposures to low concentrations of 
benzene can cause damage to the blood-making system. Benzene has been considered 
a bone marrow poison for more than 100 years and has long been suspected to be a 
cause o f leukemia. Acute high concentration exposure to benzene affects the central 
nervous system (15).
The use o f benzene in printing inks, printing and publishing, paints and 
miscellaneous chemical industries has been nwrimized by alternates Hke toluene, 
xylene and by other hydrocarbons and their derivatives. (16,17) Toluene is a solvent 
that is fihnilr to the physical and chemical properties o f benzene. However, its 
toxicological effects are not nearly as extreme. Acute exposure to toluene may result 
in stronger effects than benzene. Long term exposure effects are not as extreme as 
benzene. (18)
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Xylene is often substituted for benzene as a solvent and in rubber cement and 
paint removers. The acute toxicity of xylene is considered to be greater than benzene. 
Its chronic effects are considered to be less severe than benzene (19).
1.4 Project Definition and Objective
The Reprographics printing facility o f the UNLV campus uses a variety of 
solvents which results in hydrocarbon air concentrations which exceed the odor 
threshold. The presence o f hydrocarbon in the printing fiuxHties has been an area of 
concern to the Environmental Health and Safety department Our primary goal was: 
(i) To determine qualitatively the hydrocarbon compounds present,
(n) To find if any o f them was o f potential health risk, and
(in) To determine these compounds quantitatively to ascertain if any o f than
exceed the OSHA and NIOSH limits.
Our secondary goal was to detect and quantify formaldehyde:
(i) hi the Biology building because it is used to preserve specimen, and
(h) fat the Reprographics building because hydrocarbons used in that building may
eventually be transformed mto formaldehyde.
The instrumentation used in rids project will be discussed in the next chapter.
CHAPTER 2
THEORY OF INSTRUMENTATION
2.1 General Discussion
To obtain the concentration of components in a mixture of organic 
compounds, chromatographic methods can be used for good resolution. Typically, 
chromatographic techniques involve two phases, one stationary and one mobile phase 
(20). The sample mixture is introduced into the mobile phase. As the mobile phase 
passes over the stationary phase, the components of the sample equilibrate between 
the mobile and stationary phases. The differences m physical and chemical properties 
of the individual components determine their relative affinity for the stationary phase 
and therefore the components will migrate through die system at different rates. The 
component that has least die affinhy for die stationary phase will be eluted first The 
component that has most affinity for die stationary phase, will be dated last Thus the 
components o f die sample become separated as they are eluted in different times. 
These times required for elution are called retention times.
In chromatographic methods the stationary phase can be liquid or solid and 
die mobile phase can be gas or liquid. The interaction between the sanqile 
components and die two phases can be classified into two types. When the sample is 
adsorbed to the solid stationary phase then the interaction of the sample with the
6
7
stationary phase is called adsorption. On the other hand if the sample difiuses into the 
liquid stationary phase, the interaction is called partition.
When the mobile phase is liquid and the stationary phase is also liquid then 
the separation of the sample component involving the interaction between these two 
phases is called liquid* liquid or partition chromatography. If the mobile phase is 
liquid and the stationary phase is solid then it is called liquid -solid chromatography. 
When the mobile phase is gas and stationary phase is other a solid or a liquid then 
this chromatography is other called a gas-solid chromatography (GSC) or a gas- 
liquid chromatography.
2.2 Gas Chromatography
To separate the volatile organic compounds of close boiling points, gas 
chromatography is very efficient. If the chromatography is operated at a constant 
flow (£) o f mobile phase(gas) and if t (retention time) is the time required for the 
compound to ehite from the chromatographic system, then the volume ofthe mobile 
phase doted during the time t is
V = tX F  (Eq. 2-1)
In GC the analyte spends part o f the time in the stationary phase; in the form 
of volume this can be denoted by Vg Hie remaining time is spent in the mobile phase 
which hr the form of volume can be denoted by V^j. The total retention volume or 
retention time for an analyte is given by;
VR = VR + VM or tR  = tR + *M (Eq- 2*2)
VR = VR - VM = KVS (Eq. 2-3)
where K is the partition coefficient that is the ratio of concentration ofthe analyte in 
stationary phase and in mobile phase, VR is the total retention volume, and VR is the 
adjusted retention volume. Plate number indicates how well a cohinai has been packed.
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It is designed to measure the band broadening that happens when the analyte passes 
through the system in time ty. The effective plate number n^g- is given by
“eff = 16< tR^w)2 (Eq. 2-4)
where w is the base width of a Gaussian peak.
Plate height H is a good way to express column efficiency. For an efficient 
column the value o f H should be smalL Plate height is the distance a solute moves 
while undergoing one partition (21).
H = L/n^ff  (Eq. 2-5)
where L is the length o f the column and n^ff is effective plate number (defined 
above). Efficiency of a chromatographic system is also measured by resolution R. It
indicates the degree o f separation o f two analytes or peaks and is given by
R = 2d / (wa + wg) (Eq. 2-6)
where d is the distance between the peak maxima of two peaks and w is the width of 
each peak at the base. The value of R should be 1.5 for complete separation of two 
peaks.
2.2.1 Instrumentation
In a gas chromatography system, several modules are joined to:
(1) Penmt the introduction of sample vapors into the flowing gas 
stream,
(2) Contain the appropriate kagth of stationary phase, (Le., a 
cohnm),
(3) Maintain the column at the appropriate temperature(or gradient 
temperature),
(4) Provide a constant flow of carrier gas,
(5) Detect the sample components as they elute from the column, 
and
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(6) Provide a readable signal proportional in magnitude to the 
amount o f each component (22).
These modules are the injection port, column, column oven, mobile phase, detector
and integrator.
Injection Port: Introduction o f the sample can be done with a micro syringe through g 
self-healing rubber septum or through a valve (23). Valves are more reproducible and 
are prefared for gasses. The objective in both cases is to introduce sample into the 
column in as small volume as possible.
For packed columns the injection port is aligned so that the sample can be 
deposited other on a heated surface just before the column or directly on the column 
(24). In the first case the injection port is heated above the boiling point o f the sample 
to get rapid volatilization; for on-column injection the port is kept at column 
temperature, hi on-cohmm injection there is less chance of decomposition and the 
sample is not exposed to a high injection port temperature. In GC, the solute spends 
75% of its time in stationary phase. The on-column technique puts the solute directly 
into the stationary phase; for this reason, the on-cohimn technique is very efficient
Capillary columns have very low gas volume that means that only very small 
sample volume can be accommodated (25). To overcome these problems special 
modes of sample introduction have been developed which foil into two groups, 
sphtless and sample splitting. These two modes can be accomplished with one design. 
The spStless injector is good for trace analysis and has the advantage that the injector 
is all glass lined, has good accuracy and reproducibility and injection can be carried out 
o v a  a wide column temperature range (26). Large sample volumes can be used, hi 
this mode the split valve is closed and the sample is allowed to evaporate 30 to 60 
seconds. Then the sample is condensed in the first one or two turns ofthe capillary 
cohimn by keeping the oven temperature 20 - 30® C below the solvent's boiling point 
The injector is then flushed dean with a high flow o f carrier gas vented through an
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external valve. This removes the solvent that could cause severe tailing. Then the 
split valve is opened and the column is programmed to a higher temperature. This 
technique gives good sensitivity (27).
In sample splitting injection, the splitter is used to reduce the size of the sample 
volume to a level within die capacity o f the cohimn. An mfinitely variable micro 
needle valve is used to control the split ratio. This technique produces a 
homogeneous sample at die splitting point and serves as a clean - up trap for dirty 
sauries.
Column: Columns are usually made of glass, fused silica for open tubular column. 
Glass and fosed silica became more popular because o f their inertness. There are two 
types o f columns one is packed and another is capillary (28).
Packed Column: hi packed cohmm if the stationary phase is liquid them it is held on 
an inner solid support that makes the column. The solid support should have a large 
surface area, and particle size should be small (common tncA  range is 100 to 120) and 
uniform (29). Usually die solid supports are made from diatomaceous earth that has a 
very porous structure. For some applications, the diatomaceous earth is too active 
and they can be treated to deactivate the silanol group. The silanol groups that cover 
the surface can cause peak tailing through hydrogen bonding with polar samples (30). 
The treatment involves add washing and sQanizatkm o f the surface silanol groups, 
fo o t white support e.g. chromosorb also treated in the same way as diatomaceous 
earth and after treatment it becomes a superior material that is sold under special 
trade names such as Chromosorb W-HP, Supelcoport . These supports after 
sibmizathm become hydrophobic and are not wetted easily by polar liquid phases. 
So these are not good for polar liquid phase.
In gas solid chromatography the most common solids used are silica gel, 
ahnmna, and charcoal (31). Because of their heterogeneous active surface they
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produce tiding peaks. This problem is reduced by coating a thin layer of liquid on the 
support. Oxygen and Nitrogen can be separated by using molecular sieves such as 
Zeolites and Carosieves . Molecular sieves separate molecules by size. Sample 
containing water and other polar molecule are separated using porous synthetic 
polymers of styrene and divinylbenzene in gas solid chromatography.
Open T abular Column: Open tubular (OT) columns contain a thin film of stationary 
liquid on their inside walls (32). Glass and fused silica are used as cohmm materials. 
Compared to packed columns, open tubular columns have low pressure drops and 
small amounts o f stationary phase. The inertness o f fused aHca makes the aHca 
column a superior performing column. The silica on the inside of the cohmm 
requires pretreatment so that liquids can wet the surface and Aick to it (33). 
Bonding liquid to silica makes die stationary phase more stable (Le., less prone to 
column bleed)
Column Oven: The cohmm temperature should be below the boiling point of the 
analyte (22). If die temperature ofthe column is below the boiling point of the analyte 
then it wQl increase the interaction with stationary phase that will give a better 
separation. The column should be compatible with a range o f temperature for solutes 
o f various boiling points. The temperature adjustment is performed in the cohmm 
oven. The cohmm oven is generally a forced circulation, thermostattcd chamber of 
sufficient size to allow comfortable installation of die longest columns normally used. 
The design o f die oven should allow for temperature control, stability and program 
capability.
Mobile Phase: In GC, the mobile phase is a gas (34). The mobile phase is inert and 
has a low density. Common carrier gasses are helium, hydrogen and nitrogen. 
Nitrogen, which has a higher molecular weight, gives lowest dispersivity H at lower 
velocity. But helium and hydrogen perform better at higher velocity. Hydrogen is
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becoming more popular than helium because its optimum velocity ( the velocity at 
which the H value becomes lowest) is higher than that of helium. This permits a fester 
analysis.
Detection: The output signal is produced by the detector in response to the sample 
passing through it (35). The total amount o f a component in a am ple is given by the 
total or integrated signal it produces as it passes through the detector and is usually 
measured as peak area (36). The output o f die detector is amplified and then sent 
directly to a strip chart recorder or converted to a digital signal and sent to a 
microcomputer system The computer system can process the data, store than, and 
display the chromatogram with analytical results on a video screen or recorder (37).
The detector should be at a higher temperature than the cohmm to reduce 
the contamination from cohmm bleed or from sample condensation. The detectors 
should be thermostatted separately from the cotunm. Because they were used in 
this project, the ionization detector and the mass-spectrometric detectors are 
discussed in following sections.
2.2.2 Flame Ionization Detector
Flame Ionization detector (FID) responds to organic compounds (38). Since 
organic compounds produce carbon ions when combu&ed in a hydrogen/air flame; the 
ions are easily and senatively detected. The FID does not respond to CO, CO2, 
CS2, NH3, N20 , NO, N2, S1CI4 , S1F4, H2S, SO2 also HCHO, HCOOH and 
water, ft gives a stable base line as it is not significantly afreeted by fluctuation in 
temperature or carrier gas flow rate and pressure (35). The FID has a good linearity 
over a wide sample concentration range (about 10?). ft is very simple in construction.
The FID consists of a small hydrogen - air flame burning at a small metal je t 
The hydrogen is introduced into die column efaunt and it thoroughly mixes before
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entering at the jet into the air stream, where the mixture bums. Organic compound 
eluted from the column bum and form ions in the flame
Organic molecules, introduced into the hydrogen-air flame form CH* radicals 
that react with excited atomic or molecular oxygen in the flame.
CH* + O* -> CHO+ + e* (Eq. 2-7)
If the collector electrode located a few millimeters above the flame, is held at a 
negative potential, then CHO+ will be collected to produce current. Current is 
proportional to the number of carbon atoms.
2.2.3 Mass Spectrometric Detection 
A mass-spectrometer can be used to both identify and quantify the target 
compounds (39). The role of all mass-spectrometers is to create gaseous ion 
fragments from the sample, sort these ions according to mass to charge ratio, and 
measure the relative abundance of ion fragments at each mass (40).
The mass spectrometric system is connected with the chromatographic system 
to permit the separation and determination of complex mixtures. The individual 
components o f the sample being separated by the gas chromatographic system are 
converted to ions by the ion source. They are sorted according to mass to charge 
ratio by a mass analyzer. A detector in the mass spectrometer converts the ion 
beam into electrical signal that is then processed and stored in the memory of a 
computer, and later displayed in a variety of ways. The whole operation of the mass 
spectrometer except data processing and recording is done at a pressure less than 10'6 
Torr, to make a collision free path for the ions.
The mass spectrometric system used in our project contained an ion source, 
quadrupole mass analyzer and electron multiplier detector. These will be discussed 
below.
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Ion Chamber: The ion chamber consists of an electron generating filament that is 
perpendicular to the incoming gas stream. The number o f electrons produced is 
controlled by the filament temperature and the energy of the electrons is controlled 
by the filament potential (22). After the effluent from the GC-cohmm goes to the 
ionchember, electrons emitted from the glowing filament travel through positive 
slits to the anode and during their travel towards the anode collide with sample 
molecules o f the effluent. During that collision, energy exchange occurs and ions are 
formed. The positive ions formed in the ionization chamber pass through the 
accelerating slits into the mass analyzer.
Quadrupole Mass Analyzer: The quadrupole Mass analyzer is a nonmagnetic
analyzer. It consists o f four round rods. Opposite pairs of electrodes are electrically 
connected, and a voltage consisting of both DC and R.F fields is applied between 
the electrodes. One diagonally opposite pair of rods is held at a potential of +U^C 
volts and the other pair at -U(jc volts, while an R.F voltage of Vcos(c)t) is supplied to 
the first pair and -Vcos(o)t) to the 2nd pair.
From the ion source, ions are injected into the quadrupole through a circular 
aperture. During the negative half cycle of the alternating field, positive ions 
accelerate towards the electrode. During the positive half cycle o f the alternating 
field, the positive ions move away from the electrode with even more acceleration. In 
this manner ions experience oscillation with increasing amplitude until they finally 
collide with the electrodes, becoming neutral and being collected by the electrode. 
By changing the value o f the DC and R.F voltage (keeping the ratio constant), the 
oscillation is made stable for different m/e and a linear mass spectrum is produced.
Resolution is a function of the number of cycles an ion spends in the electric 
field. Longer rod length gives more resolution, and increases the capability of 
handling highly energetic ions. Larger rod diameter gives better sensitivity, while
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lower rod diameters increase mass range. After exiting the quadrupole, ions enter the 
electron multiplier detector. The magnitude of the electron current obtained from 
ions striking the detector (see below) is stored in a computer. From the molecular 
weight, pattern of fragmentation, the presence or absence of certain isotopic 
signatures, and other technique the structure of all or part o f the molecule can be 
determined. To assist in this process, the spectra contained a library.
Electron M ultiplier Detector: The continuous dynode electron multiplier is a 
trumpet-shaped device made o f glass that is heavily doped with lead. Each dynode is 
held at successively higher voltage. A potential of 1 to 2kV is impressed across the 
length of the detector. Ions striking the surface near the entrance eject electrons these 
electrons, are then multiplied with subsequent impacts with other dynodes (22). The 
current gain in this type of detector is 10?
2.3 High Performance and High Pressure Liquid Chromatography
For the determination of formaldehyde by the 2,4 dinitrophenyl hydrazone 
method (Section 3.5), high performance and high pressured liquid chromatography 
was used (41). HPLC is not limited by component volatility or thermal stability, which 
makes it the method of choice for polymers, polar, ionic and thermally unstable 
materials (42). High performance liquid chromatography (HPLC) is good for the 
determination of aldehyde, ketone and for the analysis of large biomolecules.
Since both stationary and mobile phases play an active role, and since there is a 
wide range of active stationary phases in liquid chromatography (LC), the range of 
operating modes is much higher in LC than GC. The various stationary phases 
possess a wide range o f polarities, along with ion exchange and sieving (size 
exclusion) properties.
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Pressure in LC can vary from low to high. Columns can vary from short to 
long (43). Our analysis was done using a high pressure liquid chromatography 
(HPLC) setup. The different types o f LC methods are liquid - solid (LSC), liquid- 
liquid (LLC), bonded phase (BPC), ion exchange (IEC) and size exclusion (44). 
Among these, bonded phase is most popular. In our measurements, a C jg bonded 
phase column was used. The different parts used in HPLC are discussed below. 
Bonded Phase: In liquid solid chromatography, the silica stationary phase is required 
to have controlled surface activity. It also takes a while to come to equilibrium. 
These factors minimized the use o f LSC. In liquid chromatography, the liquid 
mobile phase and liquid solid phase must be immiscible in each other, the liquid pairs 
that can be used is limited, the temperature should be carefully controlled, and it is 
difficult to keep the stationary phase from washing off the column.
These limitations o f using liquid solid and liquid chromatography can be 
overcome by bonded phase chromatography (45). Only one disadvantage of using 
bonded phase is that the pH has to be between 2 and 7.5. The stationary phase is 
nonpolar and mobile phase is polar, hi normal phase stationary phase is polar and 
mobile phase is nonpolar. Because of this the bonded phases are also called reversed 
phases. Bonded phases are produced from the reaction of silica and alkylchlorosilane 
(44).
Pump: In high pressured liquid chromatography, a high pressured pump is required 
to produce constant solvent flow (22). In our HPLC system, a piston pump was used 
as high pressure pump. This pump often produces pulse because o f its cyclic nature of 
action, and this produces noise in the detector. A pulse damper is used to dampen the 
pulse.
Mobile Phase: In bonded phase when silica is covered with
octadodecylsflane(ODS) (described above), it becomes quite hydrophobic, and does
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not get wet by the aqueous mobile phase. But for the analyte to penetrate into the 
surface, the bonded phase must be wetted by mobile phase. Therefore an organic 
modifier like methanol or acetonitrile is used with water to solve this problem. The 
mixture of wafer and organic modifier needs to be buffered at an optimum pH. 
Acitonitrile gives better separation than methanol but methanol is less toxic.
Injection Device: There are different types o f injectors. Most commonly used are 
septum, septumless, stopflow and valve injector (46). In septum injector the sample is 
introduced by a high pressured syringe through a self-sealing elastomer septum. The 
injector is designed in such a way that the syringe needle just readies the top of the 
column packing or usually stainless screen at the head of the column (47).
The problems associated with syringe injection are sample leakage (back 
flashing) around the syringe needle at the time of injection, septum decomposition, 
and generations of ghost peaks. This problem can be solved by using a septumless 
injector and stop-flow injection. In this system an isolation valve is used to interrupt 
the flow of mobile phase before the injector and permit the injection by syringe at 
approximately atmospheric pressure through a second valve.
UV Detector: Various detection techniques are used in HPLC analysis (48). 
Examples are refractive index detector, infrared detectors, and UV absorption 
detectors. The optical absorption region utilized in UV detectors include the region 
190 - 400 nm (49). The two main classes of UV optical absorption detectors 
designed for HPLC are:
(i) Fixed wavelength UV absorption detectors, providing detection at 254 - 
280 nm, or both.
(ii) Variable (selectable) wavelength UV absorption detectors.
UV absorption detectors are selective in principle, yet posses sufficient 
versatility to be useful for the majority of applications. HPLC is generally used for the
18
separation of organic compounds of relatively complex structure. As structural 
complexity increases, there is a corresponding increase in the probability that the 
compound will contain either conjugated bonding or functional groups. These groups 
are responsible for absorption in the UV region. UV absorption detectors constitute 
the majority o f HPLC detectors. They have a wide range of applications, They are 
compatible with gradient elution, nondestructive, and easy to operate and maintain 
Fixed Wavelength UV absorption detector: The fixed wavelength UV detector has 
historically been the yardstick against which other HPLC detectors are measured. It 
has many characteristics o f significant advantage in HPLC (SO).
■ The intense 254 nm radiation available from relatively inexpensive 
mercury arc lamps is suitable for a wide range o f applications. The 280 
nm radiation obtained by coupling the low pressure mercury lamp with 
a phosphor screen is an excellent supplement to 254 nm detection.
■ A low noise level combined with strong 254 nm absorption allows 
detection in the parts per billion ranges for many compounds.
8  Excellent compatibility with gradient elution.
B Ease of operation and maintenance.
8  Compactness.
B Relatively low price.
The limitation of the fixed wavelength UV detectors is that the sub-254 nm 
detection is not available. This is a significant limitation because several important 
classes o f compounds do not absorb UV or visible radiation at 254 nm and above. 
These compounds, such as carbohydrate, fatty adds and many amino adds and lipids, 
require UV detection in the 195 - 225 nm region. This limitation led to the 
development of variable (selectable) wavelength UV and UV-Vis absorption detectors.
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Variable Wavelength UV Detectors: In recent years, advances in pump and column 
technology greatly expanded the usefulness of HPLC. As chromatographers applied 
HPLC to increasingly complex separations, the need arose for an absorbance detector 
with ( 1) selectable UV wavelength to optimize sample response and discriminate 
against interferences; and (2) sub-254 nm detection to allow detection o f compounds, 
such as carbohydrates, fatty adds, etc. This led to the development o f the more 
sophisticated variable wavelength UV and UV-Vis detectors (50).
The variable wavelength detectors use a continuum source, such as a 
deuterium lamp (190-400 nm output), and a monochromator to isolate the narrow 
wavelength bands desired. The ability to select the wavelength greatly enhances the 
applicability and selectivity o f absorbance detector. This is especially important in 
discriminating against matrix backgrounds when analyzing for a few components in a 
complex mixture. Most work is done in the UV between 195-400 nm
The sampling methods and the various analytical techniques will be discussed 
in the next chapter.
CHAPTER 3
METHODS FOR SAMPLING AND ANALYSIS
To begin the experimental phase o f the project, the first samples were 
collected, analyzed, and tentatively identified by gas chromatography/ mass 
spectrometry (GC-MS) and then analyzed and confirmed by gas chromatography 
with flame ionization detection (GC-FID). The tentative identification by GC-MS 
and confirmation by GC-FID will be discussed in section 4.2 and 4.3 respectively. In 
this section, sampling and analysis procedures will be discussed.
Because o f the larger volume production o f formaldehyde and its 
possible exposure related health effects, many analytical methods for formaldehyde 
determination have been developed. Most o f the methods are classified into two 
categories: (a) spectrophotometric methods and (b) chromatographic methods. 
Some of these methods are reviewed below and the method finally used (based on 2,4 
- DNPH) is described.
3.1 Spectrophotometric Method
One o f the first spectrophotometric methods is Chromotropic acid method 
(51). In this method chromotropic acid and concentrated sulfuric acid are added 
sequentially to  formaldehyde sample collected in distilled water. Formaldehyde reacts
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with chromotropic acid to form a deep purple chromophore that is detected at S80 nm. 
The major problem with this method is the interferences from a number o f substances, 
such as phenol, ethanol, nitrite, nitrate, etc. (52, 53).
Other spectrophotometric methods include pararosaniline method and 3 - 
methyl -2-benzothiazolone hydrazone (MBTH) method. Both methods are similar to 
chromotropic acid method. Reagents (sodium tetrachloromercurate and pararosaniline 
for pararosaniline method and FeCl3 - NH2 SO3H (sulfamic acid) for MBTH 
method are added into formaldehyde samples collected in sodium sulfite solution or 
MBTH solution to form colored chromophores that are absorbed at 560 nm and 628 
nm, respectively. A major drawback o f pararosaniline method is the use o f the toxic 
sodium tetracholomercurate salt and for MBTH method is the instability of 
chromophore color and positive interferences from other aldehydes.
3.2 Chromatographic Method
A number of chromatographic methods have been used for formaldehyde, 
including the 2-(Benzylamino) ethanol-coated sorbent tube method,(63) methods 
based on ion chromatography, (55,56) and the 2,4- Dinitrophenylhydrazme method. 
(41)
Compared to other methods, the DNPH method has fewer draw backs. It has 
good selectivity and very low instrument detection limit. This is the most commonly 
used method. In this method formaldehyde react with 2,4 dinitrophenylhydrazine to 
form 2,4 - dinitrophenylhydrazone that is determined by HPLC with UV detection. 
The major drawbacks of this method are the use of toxic 2,4- DNPH reagent and 
the interference from ozone in air.
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3.3 Hydrocarbon Sampling Procedure
Samples were collected using NIOSH method # 1501 (57). The various steps 
in this sampling procedure are discussed below.
Chemicals Used: Propylbenzene, 2-ethyhohiene, 3-ethyhohiene, 4-ethyhohiene,
1,2,3-trimethyIbenzene (pseudocumene), decane and Umonene (Fluka) were 99% 
pure and used without any purification. Solvents used to make standards and air- 
samples were hexane, methylene chloride, and carbondisulphide. GC grade octane 
was used without any further purification as an internal standard.
Solvent samples: Solvent samples collected from the Reprographic buildings were 
Vam 20 (Vam Products ; Addision, Illinois), Anchor ISO ( Anchor Lithkemko; 
Orange Park, FI), and Anchor Environmental (Anchor Lithkemko). In our 
experiments, the above three solvents were termed as Vam 20, ANCHOISO, and 
ANC.ENV respectively.
Sampling Site: In our project the sampling site was the Reprographic printing 
facilities near UNLV chemistry building . The sampling pump (discussed below) was 
placed in a shelf near the busy working area to reflect the human exposure to that 
area.
Sampling Pump: The sampling pump was a microprocessor controlled battery
operated diaphragm pump (Model 224PCXR7, SKC Inc., Fullerton, CA). The pump 
can be programmed for delayed starting and stop times, and can be operated 
intermittently over an extended period. In this study flow rates were kept at 100 
ml/min using a flow restrictor; flow calibration was performed with a soap bubble flow 
meter. Samples were collected on a charcoal sorbent tube (discussed below) for 22 to 
24 hour period.
Charcoal Tube: The charcoal sorbent tube consisted o f 2 segments of coconut shell 
charcoal separated by a foam plug divider and packed into a sealed glass tube. The
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ends of the glass tube are broken off and the tube is mounted on the sampler manifold 
when sampling commences. The top part collects the sample and the bottom part is 
used for the breakthrough, to make sure that all the samples have been collected in the 
top part. Gas phase hydrocarbons are readily adsorbed by charcoal. The 
hydrocarbons were then desorbed for GC analysis (see below).
Preparation of Standard: To confirm linearity of response, standards o f four 
different concentrations (SO ppm, 100 ppm, 2S0 ppm, 300 ppm) were made in hexane 
from the pure hydrocarbons with 200 ppm octane as internal standard (described 
below). The calibration curves were obtained by plotting the concentration of 
hydrocarbon on the X-axis and the hydrocarbon to octane peak area ratio on the Y- 
axis Calibration curve for decane is shown in Figure 3-1.
CALIBRATION CURVE FOR DECANE
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Figure 3-1
Linearity o f response curve over a range o f decane concentrations with 
Y = 0.00395x + 0.13301 and 
Correlation coefficient = 0.997
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Internal Standard: Due to the differences in physical properties o f samples and day 
to day variation, a detector may display different responses for the same analyte. 
Addition o f an internal standard minimizes the differences in physical properties of 
samples containing the same analyte, hi this method, if  the parameters that affect the 
measured response to the detector vary, then that variation will affect the responses 
o f the analyte and the internal standards equally. Thus the ratio o f the responses of 
analyte and that of internal standard will depend only on analyte concentration. Die 
maimer in which the variation o f the parameter changes the detector response to the 
analyte, should change the response for the internal standard in the same way. Die 
composition of the internal standard should be the similar to the analyte. The 
internal standard signal should not interfere with the response o f the analyte.
In this project octane was used as an internal standard. Because it is a 
hydrocarbon and it has similar properties to the analytes. It was not present in the 
solvents or air extracts, and its retention time did not interfere with the other analytes. 
Using octane as an internal standard, the dependence of the detector response on 
injection volume was eliminated Die ratio o f  the peak area o f the hydrocarbon to 
that of the octane was used for the measurement o f concentration.
Air Sample Collection and Preparation: One charcoal tube was mounted in the 
sampling manifold The sampling pump was placed in Reprographic printing facilities, 
(sampling she was described above) for 8 to 24 hours with a flow rate of 100 ml/min. 
After the sampling was done, the charcoal tube was taken out o f the sampler, and the 
charcoal containing the sample was extracted with 400 pi o f solvent. Die NIOSH 
method calls for CS2 as the ehiting solvent, because it does not have any response in
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FED. However, dichloromethane and hexane are less toxic and offer good peak 
resolution. A 100 p.1 aliquot of 1000 ppm octane was added as an internal standard. 
The mixture o f the extracted sample and internal standard is referred to as "Sample 
A". Since the sample would be analyzed by the standard addition method , 10 pi of 
1000 ppm standard (mixture of propylbenzene, 2-ethyholuene, 3-ethyltoluene, 4- 
ethyholuene, 1,2,3-trimethylbenzene, 1,3,5- trimethylbenzene, 1,2,4- trimethylbenzene, 
decane and limonene in hexane solvent) was added to 90 pi of "Sample A". This 
mixture is referred to as "Sample B".
3.4 Analytical Procedure
After preparing the sample, as discussed above, the air-sample extract in 
dichloromethane and the three solvents Vam 120, Anchor-Environment, Anchor-Iso 
collected from the Reprographic building were run by GC-MS (HP 5988) for the 
dentification o f the solvent components. The details of identification procedure are 
discussed in Section 4-1. Particulars of the chromatographic analysis are given in 
Table 3-1.
After tentative identification by GC-MS, pine solvents (discussed above) were 
run with GC-FID to get their retention time. In GC-FID, "Sample A" and "Sample 
B" (section 3.3) were run separately. Based on comparison of the retention times of 
pure solvents and retention times of the components in "Sample A" and in "Sample 
B," the presence o f the components in air of the Reprographic building was strongly 
indicated (preliminary identification was performed by GC-MS). The details of the 
confirmation of the components by GC-FID will be discussed in Section 4-3. 
Parameters used in GC-FID during hydrocarbon analysis, and the instrument 
configuration will be discussed below.
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TABLE 3-1
Experimental Conditions for GC-MS
Column used: 30 meter capillary column
Vacuum in the ion source: 2-5 X 10' 6 Torr
Pump vacuum: < .10 Torr
Injector temperature: 260°C
Temperature Programming: 10OC/min
Initial temperature: 50°C
Final temperature 250°C
Solvent Used: Dichloromethane
Injection volume: lp l
Limit of detection (LOD): Detection limit can be defined as the lowest 
concentration o f an analyte that gives a signal, which is different than the blank signaL
Sj = Sj, + 3a (Eq. 3-2)
where St is the gross analyte signal, Sj, is the blank signal, and a  is the standard 
deviation o f the blank signals.
No attempt was made to determine the detection limit accurately. The 
concentration level o f the smallest peak leads to an LOD of 1 ppb for decane (similar
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values are found for the other hydrocarbons since they have similar response factor). 
This value is an order of magnitude lower than samples were quantitated and far below 
the OSHA/NIOSH limit for all the analytes.
Experimental Details: Helium was used as the carrier gas and solvent flush
technique was used for sample injection. The flow rate of the carrier gas was 
determined from the retention time o f methane gas, because methane gas is 
unretained in the chromatographic column. The retention time of methane gas was 2.5 
min, and the length of the column was 30 meter (3000 cm). The linear velocity of 
methane gas was obtained dividing 3000 cm (column length) by 2.5 minute (retention 
time) which comes out to be 1200 cm/mm The diameter of the column was 0.25 
mm. Therefore, the radius o f the column was 0.125 cm. The flow rate was 
calculated to be 0.60 ml/min. The column used in the study was DB-5 fused silica 
capillary column with a stationary phase coating thickness of 1 micrometer (micron), 
an internal diameter of 0.25 mm and a length of 30 meters.
The temperature program used was a double ramp, consisting of the following 
parameters.
Initial temperature 50°C
Initial time 3 minute
Rate A 10OC/min
Plateau temperature A 70°C
Plateau time 14 minute
Rate B 15°C/min
Final temperature B 250°C
Final time B 5 minute
28
3.5 Quality Assurance (QA) and Quality Control (QC)
Spikes: When analytes are artificially added to a sample, and the artificially added 
analyte levels are similar to the levels of the analyte in the sample, the added analyte 
is called a spike and the process o f adding the analyte is called spiking (59). In our 
experiments, solution containing sample of 100 ppm of propylbenzene, 2-,3-, and 4- 
ethyholuene, 1,2,3-trimethyIbenzene, mesitylene(l,3,5-trimethylbenzene), pseudo- 
cumene (1,2,4- trimethylb enzene), limonene, and decane were added to air extract 
samples (air-samples from the Reprographics building extracted with hexane) to 
confirm the coelution of the added pure compounds and their assigned peaks in the air 
extract sample.
Standard Addition Method: The standard addition method was used to correct for 
any possible physical or chemical interferences in the sample matrix. The instrument 
response was a linear function of the analyte concentration over the concentration 
range 50 ppmv to 300 ppmv. A mixture of standards (propylbenzene, 2-,3- and 4- 
ethyltoluene, 1,3,5-trimethyIbenzene, 1,2,4-trimethyIbenzene, decane, 1,2,3- 
trimethylbenzene, limonene) of known concentration was added to a portion of a 
previously analyzed sample solution. The formula used to obtain the concentration (x) 
of unknown solution is (59)
x = a *yi/(y2-yi) (Eq. 3-3)
where, a = known concentration o f standard addition.
yi = Instrument response from a sample solution o f unknown concentration x. 
However, y2 is the response for the unknown concentration phis the spike.
Blanks: Solvent blank, material blanks, and method blanks were routinely run. 
Chromatograms for the blanks are displayed in Chapter 4.
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Recovery: The concentration o f analyte in any sample is measured using some 
specified methodology. To determine if the methodology measures all the analyte 
contained in the sample, concentration o f the analyte in any reference material or in 
sample o f known composition are measured using the same methodology. The ratio 
o f the obtained concentration and the original concentration of the reference material 
(expressed as percentage) is called percent recovery (60).
In our experiment, a 100 parts per million by volume (ppmv) solution of octane 
and analyte hydrocarbons was made by adding 100 pi of 5000 parts per million by 
volume (ppmv) of octane and lOOpl o f a solution containing 5000 ppmv of the 
hydrocarbon analytes (propylbenzene, 2-, 4- ethyltohiene, mesitylene, pseudocumene, 
1,2,3 trimethylb enzene, limonene, and decane) in 5 ml of hexane. The ratio of the 
peak area o f target hydrocarbon to octane, obtained by GC-FID, was recorded.
A 100 pi portion o f the hydrocarbon solution was added to a portion of 
charcoal recovered from an unsampled charcoal tube in a beaker. The charcoal was 
extracted 4 times with small volume o f hexane and the extracts were collected in a 5 
ml volumetric flask. A 100 pi portion o f the octane solution was used and the 
volume adjusted to 5 ml with hexane. The analyte to octane peak area ratio of the 
extract solution was compared to the same ratio in the 100 parts per million by volume 
(ppmv) solution for evaluation o f percent recovery. The results are given in Table 3-2. 
From the tabular data, a recovery appears to be correlated with both structural feature, 
and molecular weight. Extended double bonding and increasing molecular weight 
apparently lead to stronger interaction with the charcoal sorbent, and consequently can 
lower recoveries. The recoveries, however, are reproducible and the most important 
analytes have acceptably high recoveries.
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TABLE 3-2 
Data on Hydrocarbon Analysis
Name of component A
Recovery 
of sample 
from 
charcoal
B
Recovery
of
duplicate
from
charcoal
C
Recovery
of
triplicate
from
charcoal
Average of A, B, 
and C
Propylbenzene 84 81 70 78 ± 7
3 & 4- Ethyltoluene 71 85 73 76 ± 9
1,3,5-trimethylbenzene 80 74 63 72 ± 10
2-Ethyltoluene 69 65 55 63 ± 7
1,2,4-trimethylbenzene 61 57 49 56 ± 6
Decane 117 102 90 103 ± 14
1,2,3-Trimethylbenzene 42 49 41 44 ± 4
Limonene 94 91 73 86± 11
3.6 Formaldehyde Sampling
Samples were collected using techniques reported in literature (61). 
The various steps in this sampling procedure are discussed below.
Chemicals Used: 2,4-dinitrophenyl hydrazine, acetonitrile (HPLC Grade, Aldrich), 
hydrochloric acid (high purity) and phosphoric acid.
Sampling Site: Formaldehyde samples were collected near the source (container in 
which the specimen were preserved in formaldehyde) in the anatomy lab of the 
Biology building as well as in the shelf near the busy working area of the Reprographic 
building.
The Sampling System: A 60 ml impinger was filled with 5 to 15 ml of 2,4- 
dinitrophenylhydrazine in acetonitrile (2,4-DNPH preparation is described below). 
One outlet is connected to a trap; the trap is connected to a pump. Air drawn
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through the inlet of the impinger is bubbled into the solution, which reacts with 
formaldehyde.
Preparation of 2,4 Dinitrophenyl hydrazinef 2,4-DNPH) Reagent : 2,4-DNPH 
reagent was prepared by the following procedure: solid 2,4-DNPH (solid) was 
dissolved into 200 ml o f boiling acetonitrile to yield a saturated solution. It was 
transferred into a 500 ml beaker and was covered with a watch glass. The 
supernatant was allowed to cool slowly, with the temperature at 35 to 50° C to 
maximize crystallization and purity. The crystallization takes several days. After -  
90% of the original solvent had evaporated, the remaining solvent was decanted as 
waste. The crystals were rinsed three times with about three times their volume of 
acetonitrile (ACN). The crystals were transferred to a clean beaker; 200 ml of 
ACN was added and heated to boiling to dissolve the crystals. The crystallization 
process was repeated twice. The pure 2,4-DNPH was dissolved in 200 ml 
acetonitrile, and 12.5 ml o f this stock solution was diluted into a 500 ml volumetric 
flask with acetonitrile, and 0.6 ml o f concentrated (12 molar) HC1 was added. This 
solution was referred to as " Stock Solution A "  A 1 to 20 dilution of "Stock Solution 
A" was referred to as "Stock Solution B." The "Stock Solution A" was used to 
prepare the stock formaldehyde adduct solution and "Stock Solution B" was used to 
prepare standard solutions of formaldehyde adduct and to collect air samples.. 
Preparation of Formaldehyde Stock and Standard Solution: Formaldehyde
standard solution o f concentration 0.05 ppm, 0.1 ppm, 0.3 ppm and 0.5 ppm, were 
prepared from a 100 ppm stock solution which in turn was prepared from a 10,000 
ppm stock solution. A 10,000 ppm stock solution was prepared from 37% 
formaldehyde (formalin) diluted with water. A 100 ppm adduct of formaldehyde was
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made by mixing an appropriate amount of the 10,000 ppm formaldehyde solution with 
"Stock Solution A " This 100 ppm formaldehyde adduct was later diluted with 
"Stock Solution B" to prepare the standard solutions of concentration 0.05 ppm, 0.1 
ppm, 0.3 ppm and 0.5 ppm. These standard solutions were injected individually into 
the HPLC system. The sample was carried by the mobile phase into the column where 
the components were separated and later detected by UV absorption detector. The 
chart recorder showed the concentration o f the standard as peak height. This peak 
height was plotted as Y-axis and the concentration as X-axis to get the calibration 
curve. A sample calibration curve is shown in Figure 3-2.
Analysis of Formaldehyde: To determine the concentration o f formaldehyde in the 
collected sample, the formaldehyde standards and the samples were analyzed by high 
performance liquid chromatography (HPLC). The parameters used in HPLC are 
described in Table 3-3. Results and calculation will be discussed in the next chapter.
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TABLE 3-3 
HPLC Parameters
Column:
C-18 bonded silica (section 2.2b)
Packing size: 5pm 
length: 25 cm
Diameter: 4.6 mm
Mobile Phase:
40% acetonitrile and 60% H2O with 0.1% phosphoric acid. 
Param eter Used in HPLC (empirically optimized):
Flow rate: 1 ml/min
Pressure: 2000 PSI
Injection volume: 10 pL 
Wavelength: 352 nm
Figure 3-2
A sample calibration curve for formaldehyde 
with Y -  39.7932 s  + .494138 and 
Correlation Coefficient: 0.999
CHAPTER 4
QUALITATIVE RESULTS
4.1 Introduction
The printing facility located in the Reprographics building at the UNLV 
campus uses a number of different hydrocarbon solvents for various printing 
processes. Our objective was to determine if any o f the components in the solvents 
were known potential health risks, and most importantly, if the atmosphere of the 
Reprographics building contained level o f these components that could be hazardous 
to the people working at the area. For this determination we obtained liquid samples 
of the three solvents most commonly used in the printing facility. One of these 
solvent is known by the trade name V-120 (Vam Products, Addision, Illinois). The 
chemical components o f V-120 were not specified in the material safety data sheet 
(MSDS). The material, however, was classified as hazardous based on its 
flammability. This solvent is used to wash the rollers in the printing press. The 
other two solvents are ISO #99 or ANCHOISO and ENVIRONMENTAL or 
ANC.ENV (Anchor Lithkemo, Orange Park, Florida). From the MSDS, the solvent 
ISO #99 was found to contain isopropyl alcohol; the Environmental solvent did not 
have an MSDS because it is classified as non-hazardous. ANCHOISO is used in 
small amounts as an ink solvent in printing while ANC.ENV is used to wash the 
rollers.
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Air samples were collected from the Reprographic building by methods 
previously described (Section 3.3) Le., by drawing air through a charcoal tube with a 
battery-powered sampling pump for different periods of time varying from 8 to 24 
hours. The sampler was placed on a shelf in an area where most o f the printing 
activity was conducted. During the project, samples were collected during both the 
work week (Le., high levels o f printing activity) and the weekend (zero activity level; 
background).
The material safety data sheet (MSDS) for the solvents does not identify the 
individual components present in the solvents used at the printing facility. To identify 
the volatile components in the solvents, GC-MS was used; chromatograms of 
ANCHOISO (Figure 4-1), Vam 120 (Figure 4-2), and ANC.ENV (Figure 4-3) were 
obtained. Simultaneously, extracts o f sampled charcoal tubes (CS2 solvent) were 
analyzed to determine the correspondence between airborne species and composition 
of the solvents. A chromatogram of an extract o f a sampled charcoal tube is shown in 
Figure 4-4. From a qualitative comparison of Figures 4-1 to 4-3, the Vam - 120 
solvent appears to be the dominant contributor to the observed emissions in the 
Reprographics building, with lesser contributions from the other two solvents.
Detailed peak identifications were conducted using GC-MS and by comparing 
GC retention time to that o f pure standards. These investigations are described in the 
following sections.
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Chromatogram of ANCHOISO
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Figure 4-2
Chromatogram of VARN 120
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Chromatogram o f ANC.ENV
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Figure 4-4
Total ion chromatogram o f an air-sample extracted from a charcoal tube.
41
4.2 Tentative Identification by Mass-Spectrometry
Typical total ion chromatograms for the ANCHOISO solvent, the Vam 120 
solvent, the ANC.ENV solvent and the ambient air extract are given in Figures 4-1 to 
4-4 respectively. The peaks in the typical chromatograms for the air sample and the 
reference solvents shown in these figures are total ions for each component. 
Components were tentatively identified in the solvents and the air sample extracts by a 
computer based library search. The experimental mass spectra and the computer- 
determined best match for peaks #3, #4, and #5 from the total ion chromatogram of 
the air sample extract (Figure 4-4) are given in Figures 4-5, 4-6, and 4-7, respectively.
Note the similarity between the different experimental mass spectra, and 
between the "best match" library spectra. These compounds are configurational 
isomers and exact assignments of these compounds could not be made by mass 
spectral data alone. Identification via GC-MS data alone is not always possible 
because (a) the mass-spectrum of a particular sample may not be present in the library, 
(b) impurities (e.g., co-elution o f a second compound) may interfere, (c) experimental 
conditions may effect the mass spectrum and (d) isomeric compounds may give very 
similar mass spectra. Therefore results must be evaluated carefully.
The isomeric compounds identified in the solvents and sample extract were 
alkyl-substituted benzenes of 120 molecular weight; Le., a benzene ring phis three 
carbons and hydrogens in various combinations. Pure samples o f the seven possible 
isomers were obtained and peak assignments were made based on GC retention times 
(Section 4-3). Also, two compounds were unequivocally identified by their mass 
spectra: decane and Umonene. The structures o f the compounds are given in Fig 4-8.
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Mass Spectrum of a sample extract (Peak # 3 of Figure 4-4).
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4.3 Confirmation by GC-FTD
Analysis by GC-MS established which compounds were present in the solvents 
and air extract sample, but not exact peak assignments; the latter step was done by 
GC-FDD. In these experiments S ppm solutions o f pure compounds: propylbenzene 
(Aldrich Chem Co., Milwaukee, WI), 2-, 3-, and 4-ethyitoluene (Fhika Chem Co., 
Ronkonkowe, NY) 1,2,3-trimethyIbenzene, mesityiene (1,3,5-trimethylbenzene), 
pseudocumene (1,2,4 - trimethylbenzene), limonene, and decane were 
chromatographed to obtain their retention times. Then these retention times were 
compared to those in extracts o f air samples collected from the Reprographic building. 
By comparing the retention times o f the components in air samples with the retention 
times o f the components present in pure solvents and isomers of pure solvents, the 
components in the air sample were verified.
For this experiment, air-borne hydrocarbon samples were collected in charcoal 
tubes for 22 hr. at flow rates o f 100 ml/mm. The charcoal was then extracted with 
hexane before analysis. Pure solvents were analyzed individually by injecting lpl 
volumes from S00 ppm concentration of the individual solvents in hexane. Before 
analyzing any sample, the solvent blank (hexane) was analyzed by injecting 1 pi o f 
hexane (Figure 4-9). Triplicate injections o f 1 pi volume were made of the air-sample 
extract; a typical chromatogram with peak assignments is shown in Figure 4-10. For 
further confirmation of the peak assignments, a 100 ppm p ike containing all 9 o f the 
analyte hydrocarbons in hexane was added to the air extract to confirm coelution of 
the pure compounds and their assigned peaks in the air extract sample. This 
chromatogram is shown in Figure 4-11.
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Note that since the retention times for 3-ethyl toluene and 4-ethyhohiene are 
very close, the concentration of these two components are reported together as 3- and 
4- ethyhohiene. The retention times of the sample, duplicate and triplicate are given 
in Table 4-1. In the duplicate and triplicate analyses, a single, well-resolved mesitylene 
peak was not obtained, so the retention times are omitted from the Table 4-1. For 
1,2,3 trimethylbcazene the peak was not detected in duplicate and triplicate therefore 
the retention times are omitted from the Table 4-1
TABLE 4-1
Retention Time of Some Target Hydrocarbons
NAME OP THE 
COMPOUND
RETENTI
ON
TIME
(MINUTE)
SAMPLE
RETENTION
TIME
(MINUTE)
DUPLICATE
RETENTION
TIME
(MINUTE)
TRIPLICATE
AVERAGE
PROPYL BENZENE 10.53 10.54 10.53 10.531.007
3 & 4- EIHYLTOLUENE 10.93 10.94 10.93 10.9310.006
134-
TRIMETHYLBENZENE
11.29 - - 11.29
2-EIHYLTOLUENE 11.93 11.93 11.94 11.931.006
13,4-
TRIMEIHYLBENZENE
12.78 12.78 12.78 12.781000
DECANE 13.24 13.24 13.24 13.2410.000
1,23 TRIMETHYL- 
benzene
14.99 - - 14.99
UMONENE 15.39 15.39 15.38 15.3810.006
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4.4 Results
The experiments described above established which compounds wrere present 
in the ambient air o f the Reprographic building. The next step was to develop method 
to determine the concentrations o f these species during various working periods. 
Different concentration patterns were anticipated corresponding to different activity 
levels.
As a first step in quantitation, linearity in the anticipated range o f concentration 
was confirmed for the analytes. Figure 3-1 shown a typical result for decane. To 
determine concentration, the methods of standard addition was used. This approach 
corrects for any matrix effects that can occur. Simultaneously an internal standard 
was added to all samples. By ratioing analyte response to those o f the internal 
standard, dependence o f response on injection volume is removed and reproducibility 
is enhanced. Octane was selected as the internal standard because it was not present 
in the samples, and it was resolved from both the solvent peak (hexane) and the 
analytes.
4.4.1 Calculations
A 400 pi aliquot o f hexane was added (by micropipet) to sampled charcoal 
to extract the adsorbed hydrocarbons. Then 100 pi o f 1000 ppm octane (in hexane) 
was added as an internal standard. Octane was selected as an internal standard since 
it was not present in the air extract samples, it is well resolved from the sample 
components and because its boiling point is comparable to that of most o f  the sample 
components. To 90 pi o f the sample extract, 10 pi o f a standard mixture ( of 
propylbenzene, 3 - ethyltoluene, 4- ethykohiene, 1,3,5-trimethylbenzejie, 1,2,4- 
trimethylbenzene, decane, 1,2,3- trimethylbenzene, and limonene) were added to
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sample. Both the sample extract and the standard addition sample were run under 
standard conditions using 1 pi injection and duplicate or triplicate analysis. The mean 
values for the ratios o f analyte response to internal standard (Le. octane) response 
were determined for all analytes in both samples. Then, the mean ratio of analyte to 
internal standard (A) were multiplied by 90/100 for volume correction, the result was 
denoted by Ax (Table 4-5). Similarly B is the mean value o f the ratios o f analytes to 
internal standard in the standard addition samples (Table 4-3).
TABLE 4-2
GC Analysis Data on Hydrocarbons in the Reprographic Building
Name of the compound Ratio of pk.
area of 
sample and 
pk, area of 
Octane. 
(A i)
Ratio of pk.
area of 
sample and 
pk. area of 
Octane. 
(A2)
Ratio of pk.
area of 
sample and 
pk. area of 
Octane. 
(A3)
Average 
of 
Ai»A2, 
And A3
(A)
Propylbenzene 0.37 0.55 0.38 0.4310.1
3 and 4-Ethyhohiene 2.0 11 104 10410.05
1,3,5- trimethylbenzene 0.0 0.00 0.43 0.43
2-Ethykohiene 0.19 0.25 0.19 0.2110.03
1,2,4- trimethylbenzene 0.46 0.64 0.44 0.5110.1
Decane 0.99 1.05 0.99 1.0110.03
1,2,3-TrimethyIbenzene 0.19 0.19
Limonene 0.32 0.35 0.35 0.34
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TABLE 4-3
Data on GC Analysis of Hydrocarbons in the Reprographic Building
Name of the compound Ratio of the 
pk. area of 
(sample + 
added 
standard) and 
pk. area of 
Octane.
®1
Ratio of the 
pk. area of 
(duplicate 
standard) and 
pk. area of 
Octane.
Bj
B
(AVERAGE 
OF 
B j AND B2)
Propylbenzene 1.2 1.2 1.2+0.0
3 and 4-Ethyholuene 3.2 3.3 3.2±0.07
1,3,5- trimethylbenzene 1.3 1.2 1.3±0.07
2-Ethyholuene 0.86 0.85 0.85+007
1,2,4- trimethylbenzene 1.2 1.2 1.2±0.0
Decane 1.6 1.5 1.6±0.07
1,2,3-
Trimethylbenzene
0.83 0.81 0.82±0.014
Limonene 0.96 0.96 0.96±0.00
Difference between B and Ax is the response due to the standard addition 
(Table 4-4), which is given by Y. The change in concentration is given by X (Table 4- 
4) which is 100 ppm by volume(v/v). To convert to ppm by weight- volume (w/v),
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the density must be factored in. Therefore the value of the slope between the points is 
given by,
m = Ay/Ax = (B - Ax)/(100.d) (Eq. 4-5)
w here'd'is the density (Table 4-4) and (lOO.d) is ppmbyw/v. The concentration of 
the sample (pgm/ml) was calculated dividing Ax by m (Table 4-5). This 
concentration was multiplied by 500/400 for the correction o f dilution factor. Since 
the air sample was dissolved in 500pL solvent, masses of the components (in pgm) 
were calculated by multiplying the conc. (pgm/ml) by solvent volume (0.5 ml).
TABLE 4-4 
Calculation of Calibration Factors
Name of the compound Density X ppm by 
W/V
Y
(B-Ax)
m
(Y/X)
Propylbenzene 0.86 86. 0.78 0.0090
3 and 4- Ethyholuene 0.86 170 1.4 0.0061
1,3,5 - trimethylbenzene 0.86 86 0.82 0.0095
2-Ethyltoluene 0.88 88 0.66 0.0076
1,2,4- trimethylbenzene 0.88 87 0.68 0.0079
Decane 0.73 73 0.64 0.0088
1,2,3- Trimethylbenzene 0.89 89 0.65 0.0073
Limonene 0.84 84 0.65 0.0077
For all sampling, flow rates were adjusted to lOOml/min with a flow restrictor. 
The range of collection times were 8 to 24 hours. The volume o f the air sample (in 
m^) was calculated using the formula : [F*T*(60 min/hr)*(l L/1000 ml)*(l m-VlOOO 
L)] where F is the flow rate in ml/min and T is the sampling time in hours (Table 4-6).
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To convert to ppm by volume in air, the (agm per nP was converted to a volume by 
the ideal gas law (PV = nRT) using measured values o f temperature (T = 298°K) and 
pressure(P = 0.927 atm) (Table 4-7). The concentrations of different components in 
the sample collected in different month including weekend is presented in Table. 4-8.
TABLE 4-5 
Hydrocarbon Concentrations
NAME OF THE 
COMPOUND
AX
[A X
90/100]
CONC.
(Hg/ml)
C
Corrected
CONC.
(lig/ml)
[CONC.X500/
4001
Corrected
mass
(Pg)
[C*0.5]
Propylbenzene 0.39 43 54 27
3 and 4-Ethyltoluene 1.8 226 280 140
1,3,5-trimethylbenzene 0.38 40. 51 25
2-Ethyltoluene 0.18 25 31 16
1,2,4- trimethylbenzene 0.46 59 73 37
Decane 0.90 100 130 64
1,2,3 Trimethylbenzene 0.16 23 29 14
Limonene 0.30 39 49 25
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TABLE 4-6
Weight by Volume Concentration of Hydrocarbons
Name of the compound Air volume 
(M3)
Corrected
Cone..
(pgm/m3)
Formula 
W t  (F.W)
RT/(F.W
/*P)
Propylbenzene 0.13 2.0 x 102 1.2x 102 0.22
3 and4-Ethy!toluene 0.13 1.07x 103 1.2x 102 0.22
1,3,5- trimethylbenzene 0.13 1.9x 102 1.2x 102 0.22
2-Ethyltoluene 0.13 1.2x 102 1.2x 102 0.22
1,2,4- trimethylbenzene 0.13 2.8x 102 1.2x 102 0.22
Decane 0.13 4.9x 102 1.4x 102 0.19
1,2,3 Trimethylbenzene 0.13 l . lx  102 1.2x 102 0.22
Limonene 0.13 1.9x 102 1.4x 102 0.19
TABLE 4-7
Volume by Volume Concentration of Hydrocarbons
Name of the 
compound
Cone.
(ppb By volume) 
[(pgm/m3) X (RT/F.W*P)1
CONC. 
(ppm by 
volume)
Propylbenzene 44 0.044
3 and 4- Ethyltoluene 235 0.24
1,3,5 trimethylbenzene 42 0.042
2, Ethyltoluene 26 0.026
1,2,4- trimethylbenzene 62 0.062
Decane 93 0.093
1,2,3 Trimethylbenzene 24 0.024
Limonene 36 0.036
The data collected over a time are shown in Table 4-8. Sample were collected 
August 2, 1993. The sampling period was 22 hours.
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4.4.2 Discussion
Our primary goal was to determine, both qualitatively and quantitatively, the 
hydrocarbon compounds in samples collected from the Reprographic area. Samples 
were collected in a charcoal tube sampler over a number of months both on weekdays 
and weekends. The collected air samples, after proper extraction, were analyzed by 
gas chromatography and mass spectrometry (GC-MS) for qualitative identification. 
Confirmation and quantitative determination of the compounds were performed 
using a gas chromatograph equipped with a flame ionization detector (GC-FTD). 
Benzene, one of the most toxic hydrocarbons, was not detected in the Reprographic 
area. Toluene, another toxic benzene derivative, was also not detected. The 
hydrocarbons detected from the Reprographic area are:
(i) Propylbenzene,
(ii) 2, 3 & 4-Ethyltoluene,
(iii) 1,3,5- trimethylbenzene
(iv) 1,2,4- trimethylbenzene
(v) Decane
(vi) 1,2,3-TrimethyIbenzene, and
(vii) Limonene
The OSHA limit of exposure for all these identified compounds could not be 
obtained except for trimethylbenzene. The concentration of trimethylbenzene in the 
sample collected from the Reprographic area was much lower than the OSHA limit 
(25 ppm). The concentrations o f all the hydrocarbon compounds collected in different
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months are shown in Table 4-8. The concentrations o f the hydrocarbon components 
collected in the middle o f June and July are found to be larger compared to the 
sample collected at the end o f July and at the beginning o f August. This is because of 
high work load in the period of June and July. Samples collected on the weekend 
(September 8, 1993) also shows very low concentrations of hydrocarbons because of 
no work activity during that time. Among all the components, the concentration of 
propylbenzene and 3 & 4 ethyltoluene appeared to be the highest.
TABLE 4-8
Measurement of Hydrocarbon Concentrations in the Reprographic Building
(Samples collected in 1993)
Hydrocarbon
(ppm)
17 June 93 
(24 Hours)
9 July 93 
(14 Hours)
20 July 93 
(22 Hours)
2 Aug. 93 
(22 Hours)
8 Sep 93 
(14 Hours)
Benzene ND ND ND ND ND
Toluene ND ND ND ND ND
Propyl-benzene 0.21 0.14 0.02 0.04 ND
3&4-Ethyl-
toluene
0.79 0.60 0.09 0.24 0.10
1,3,5-
trimethylbenzene
0.14 0.30 ND 0.042 ND
2-Ethyl-toluene 0.06 0.04 0.01 0.026 ND
1,2,4-
trimethylbenzene
0.08 0.06 0.01 0.062 ND
Decane ND ND 0.05 0.093 0.05
1,2,3-Trimethyl-
benzene
ND 0.08 0.01 0.024 ND
Limonene 0.07 0.06 0.01 0.036 ND
ND refers to not detected
** Error level ±10% (using uncertainty and slope o f calibration curve,
uncertainty/slope)
*** Detection limit 1 ppb in air ( using the smallest peak )
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4.5 Formaldehyde Results
Our secondary goal was to determine the concentration of formaldehyde in 
Reprographics Printing Facilities and in Anatomy Lab in Biology building. Pollutants 
like formaldehyde have raised concern about the safety and well being of personnel 
exposed to environments containing these pollutants (13,14). As potential sources of 
formaldehyde, the anatomy lab in the Biology building and the working area in the 
Reprographics building on the UNLV campus were singled out for study. To 
determine the concentration o f formaldehyde, air samples were collected in 2,4 
dinitrophenyl hydrazine (2,4- DNPH) solution (using an impinger) and the 
concentration o f formaldehyde adduct with 2,4-DNPH was determined by HPLC with 
UV-VIS detection. The chromatogram of the formaldehyde peaks are shown in Fig 
4-12
In the Reprographics area, the sampler was placed in a shelf near the busy 
working area. The concentration o f formaldehyde in air samples collected on different 
days are shown in Table 4-9. Samples collected on 8/2, 8/3, and 8/15 show higher 
concentration o f formaldehyde than any other days, apparently because o f the higher 
work load on those days.
In the anatomy lab of the Biology building, the sampling system was placed 
near the specimen container and also on the bench, where a student was dissecting the 
specimen. The concentration o f formaldehyde in air samples collected from anatomy 
lab on different days are shown in Table 4-10. On 7/20 and 7/27, the samples were 
collected near the specimen container and on other days samples were collected from 
the bench. The concentration o f the formaldehyde near the container approach the 
OSHA short time exposure limit (100 ppb). The concentration o f formaldehyde on the 
bench was below OSHA time weighted average limit (TWA) which is equal to 16 
ppb.
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Samples were also collected by a second method in bisulfite solution (64) 
simultaneously with the 2,4-DNPH method. Table 4-10 (c) shows the comparison of 
the concentration o f formaldehyde in bisulfite and in 2,4 DNPK The analysis of 
formaldehyde at low levels by the two methods does not agree. But at a higher 
formaldehyde level, that was collected from a formaldehyde generator, the two 
methods do agree. The bisulfite method is a new method. Further tests will be 
required before its reliability is firmly established. If  we assume that this new method 
is dependable, then it appears that the collection efficiency o f formaldehyde by the 
established 2,4-DNPH method is not accurate at low concentration levels. But even if 
we very conservatively assume that the collection efficiency is 50%, and the 
concentration need to be multiplied by a factor of 2, still the experimentally obtained 
concentration o f formaldehyde (except near the specimen container) will be less than 
the OSHA short time limit o f exposure (STEL) which is 100 ppb.
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The chromatogram of a formaldehyde containing sample.
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Calculation: Samples collected from the Biology building were analyzed for 
formaldehyde by HPLC. For HPLC analysis, samples were injected into the column. 
The mobile phase delivered by a pump carried the sample to the column in which the 
samples were separated and later detected by a UV-Detector. The peak height o f a 
chart recorder is proportional to the concentration of formaldehyde in the air sample. 
Before analyzing the sample formaldehyde, standard solutions were also analyzed. 
The concentration of the standard was plotted on the X-axis and the peak height on 
the Y-axis to obtain a calibration curve. A sample calibration curve is shown in Figure 
3-2.
The concentrations o f different samples were calculated comparing with the 
calibration curve(usmg the least-squares slope and intercept). The concentration of 
the sample was the concentration o f the formaldehyde in "Solution B" in parts per 
million. This concentration was multiplied by volume o f the "Solution B" (in which 
the sample was collected) to obtain the micrograms collected. The flow rate o f the 
sample was multiplied by time to get the volume of the air. The micrograms of 
formaldehyde were divided by the air volume to get the concentration o f formaldehyde 
in micrograms per cubic meter. Micrograms are converted to microliters by using the 
formula wight of formaldehyde to convert to micro moles, then using the ideal gas law 
to convert micro moles to micro liters(Microliters per cubic moles = ppbv). For the 
latter calculation, an average temperature o f 25°C and an average station pressure o f
0.927 atm were used. The concentration o f formaldehyde in samples collected from 
both the Reprographic and the Biology building during various periods are shown in 
Tables 4-9 and 4-10.
The next chapter will present concluding remarks and the scope of future
work.
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TABLE 4-9
Concentration of Formaldehyde in Samples Collected from Reprography, 1994
Date ppm  of 
formal­
dehyde 
in solution
Final
volume
(ml)
pgm of 
formal­
dehyde
Flow
rate
(ml/
min)
Time,
(min)
Volu 
me 
of air 
in 
m^
Form
al-
dehyd 
e in 
pgm/ 
m3
Formal­
dehyde 
conc. 
in ppb 
(by
volume)
7/28 0.060 3.0 0.18 300 30 0.009 20 17
8/2 0.090 10 0.9 300 60 0.018 50 43
8/3 0.090 8.0 0.72 400 30 0.012 60 52
7/27 0.020 3.0 0.06 400 30 0.012 5.0 4.0
8/15 0.34 5.0 1.7 400 90 0.036 47 41
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TABLE 4-10 (a)
Concentration of Formaldehyde in Samples Collected from Biology Building,
1994 
(From Bench)
Date ppm of 
formal­
dehyde 
in
solution
Final
volume
(ml)
|igm of 
formal­
dehyde
Flow
rate
(ml/
min)
Time
(min)
Volume 
of air 
in 
m^
Formal­
dehyde
in
pgm/m^
Formal­
dehyde 
conc. in 
ppb(by 
volume)
6/29 0.050' 10 0.59 300 120 0.0360 14 11
6/30 0.080 8.0 0.64 400 90 0.0360 18 15
7/13 0.014 7.0 0.010 400 30 0.012 8.3 6.8
7/14 0.013 7.0 0.091 400 30 0.013 7.0 5.7
7/19 0.027 7.0 0.19 400 100 0.0400 4.8 3.9
7/26 0.030 3.0 0.09 400 30.0 0.0120 7.5 6.1
7/27 0.040 3.0 0.12 40 30.0 0.0120 10 8.1
8/3 0.25 8.0 2.00 400 120 0.0480 4.2 3.4
8/16 0.05 11 0.55 400 120 0.0480 11 8.9
1 10/14 0.01 7.0 0.07 400 30 0.012 5.8 4.7
66
TABLE 4-10 (b)
Concentration of Formaldehyde Sample Collected From Biology Building, 1994
(Near the Specimen Container.)
Date ppm of 
formal­
dehyde 
in
solution
Final
volume
(ml)
pgm of 
formal­
dehyde
Flow
rate
(ml/
min)
Time
(min)
Volume 
of air 
in 
m*
Formal­
dehyde
in
pgm/m3
Formal­
dehyde 
conc. in 
ppb(by 
volume)
7/20 0.020' 7.0 0.14 100 15 0.00150 93 76
7/28 0.20 3 0.48 400 30 0.0120 40 33
TABLE 4-10 (c)
Concentration of Formaldehyde Sample Collected From Biology Building, 1994 
(Comparison W ith Bisulfite Method.)
Date Place HCHO conc. (pg/m3) 
by bisulfite method
HCHO conc. (pg/m3) 
by 2,4 DNPH method
6/29 On the bench of the Bio-lab. 27 11
6/30 On the bench of the Bio-lab. 32 15
6/30 From the generator of 
formaldehyde chamber.
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CHAPTER 5
CONCLUSIONS AND FUTURE WORK 
The following are the major conclusions o f the project:
® Isomeric alkyl aromatic compounds of formula weight 120 were
found in the air o f the Reprographics building on the UNLV 
campus.
•  The total concentrations o f all isomers of formula weight 120
is less than the 8-hr. time weighted average(TWA) OSHA limit 
of 25 ppm for trimethyl benzenes. (There is no OSHA listing for 
ethyholuenes orpropylbenzenes.)
® The concentration of formaldehyde in the Reprographics
area is below the OSHA short term exposure limit 
(STEL) which is 100 ppb.
© The concentrations of formaldehyde near the specimen
containers in the Biology laboratory approach the OSHA 
STEL. Elsewhere in the lab the formaldehyde level is below 
the OSHA STEL.
This study could be extended to other buildings, on the UNLV campus. Also 
personal exposure was not addressed in this study and is a topic for possible future 
research. For example, given the high concentrations of formaldehyde in the vicinity
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of the specimen jars, there is a potential for individual TWA exposure to exceed 
OSHA limits, but this situation is highly dependent on indivdual exposure.
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